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USER INTERFACE CONTRAST FILTER

FIELD OF THE INVENTION

The present invention relates to a display control 1tem for
adjusting display settings of a user interface.

BACKGROUND OF THE INVENTION

Many applications generate user interfaces that include
various user intertace items (e.g., buttons, menu 1tems, selec-
tion controls, etc.), background colors and/or 1mages, and
content display areas (e.g., an 1mage editing pane, a video
playback pane, etc.). These various user interface component
may include black and white sections, grayscale sections, and
colored sections that span a range of color saturation values.

In many cases, an application user may wish to adjust the
display of the user interface generated by the application. For
instance, a user may wish to adjust the brightness or contrast
of the display based on ambient lighting conditions, personal
preferences, etc. In some cases, while a user wishes to change
the display settings of particular user interface items such that
certain features or aspects of the user interface items may
provide better visibility to the user, the user does not wish to
aifect the display of any content display areas. Current appli-
cations do not allow a user to easily adjust the display of user
interface 1tems without affecting the display of any content
that may be included 1n a content display area of the user
interface.

In addition, a user may wish to adjust the display of various
user interface items such that dark or dully-colored user inter-
face 1tems are atfected more than brightly-colored or black
and white user interface items. Typically, applications that
allow display adjustments affect all areas of the user interface
equally.

Thus, there 1s a need for a display adjustment system that
allows a user to change user interface display settings without
alfecting the display settings of any content display areas
included in the user interface. In addition, there 1s a need for
a display adjustment control that treats brightly-colored user
interface 1tems differently than dully-colored or grayscale
user 1nterface items. Furthermore, the display adjustment
system must efliciently generate, and/or retrieve from stor-
age, the various user interface 1items when changes 1n the
display settings occur.

SUMMARY OF THE INVENTION

Some embodiments provide a method of defining a
dynamically adjustable user interface (“UI”) of a device. The
method defines multiple Ul elements for the UI, with some Ul
clements defined by reference to saturated colors, other Ul
clements defined by reference to non-saturated colors, and
still other UI elements defined by reference to both saturated
and non-saturated colors. The method defines a display
adjustment tool for receiving a single display adjustment
parameter, and 1n response, adjusting the appearance of the
UI by differentiating display adjustments to saturated colors
of the Ul elements from the display adjustments to non-
saturated colors of the Ul elements. Specifically, the display
adjustment control in some such embodiments changes the
appearance of non-saturated colors more than 1t changes the
appearance ol saturated colors for a particular change 1n the
display adjustment parameter.

In some embodiments of the invention, the display adjust-
ment tool includes (1) a user-modifiable display adjustment
control for defining the display adjustment parameter, and (2)
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a display adjustment module for adjusting the appearance of
the Ul by differentiating display adjustments to saturated

colors of the Ul elements from the display adjustments to
non-saturated colors of the Ul elements. Instead of, or in
conjunction with, the user-modifiable display adjustment
control, the display adjustment tool of some embodiments
includes a light-sensor module that produces a display adjust-
ment parameter 1n response to changes to light conditions in
the environment in which the device operates. In some
embodiments, the device has a light sensor that produces a
signal that specifies changes in light conditions, and provides
this signal to the light-sensor module, which 1n turn produces
the display adjustment parameter. From this parameter, the
display adjustment module can then adjust the appearance of
the Ul elements for the new light condition.

The method of some embodiments does not adjust the
color of areas of the Ul that contain content (e.g., thumbnail
images, digital video, a digital image, etc.). In other words,
some embodiments perform the color adjustment operations
for only the non-content elements (e.g., the user selectable Ul
clements, the Ul background design, the UI descriptive text,
etc.) and not for the content elements of the Ul. Also, some
embodiments allow certain non-content Ul elements to be
explicitly or implicitly masked from the color adjustment
operations.

Some embodiments cache Ul elements to improve appli-
cation performance when adjusting the appearance of the UI.
In some embodiments, the cache stores Ul elements that were
previously processed for a particular value of the display
adjustment parameter. Such cached Ul elements may be re-
used by accessing the cached copies rather than re-processing
the Ul elements stored on disk. Some embodiments share the
cached Ul elements across multiple applications having mul-
tiple Uls.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth in the
appended claims. However, for purpose of explanation, sev-
cral embodiments of the mnvention are set forth 1n the follow-
ing figures.

FIG. 1 illustrates a user interface (“UI”) of an application
with a display adjustment control.

FIG. 2 illustrates an example of a conceptual process that
some embodiments perform when a request 1s made to adjust
a Ul display parameter.

FIGS. 3-4 1llustrate one example of using a content mask
such that only non-content areas of a Ul are aflected by a
change 1n a display parameter.

FIG. 5 illustrates an example of a conceptual process that
some embodiments perform when a display adjustment
parameter 1s changed.

FIG. 6 1llustrates the RGB and YIQ) color spaces.

FIG. 7 provides a conceptual representation of the ampli-
fication and limiting of a saturation value.

FIG. 8 illustrates one example ol an 1mage-processing
operational tree diagram.

FIG. 9 illustrates one example of a multi-layer UI 1tem.

FIGS. 10-12 illustrate adjusting the display setting of a Ul
of a media editing application by manipulating a slider.

FIGS. 13-15 illustrate adjusting the display setting of a
touch-screen Ul by selecting a Ul button.

FIG. 16 conceptually illustrates a process for redrawing a
Ul on a display screen based on a Ul item stored in cache or
disk.

FIG. 17 1llustrates various different Ul items stored in disk
and cache.
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FIG. 18 conceptually illustrates the software architecture
of an application of some embodiments for adjusting a dis-
play of presenting menus such as those described 1n the pre-
ceding sections.

FIG. 19 conceptually 1illustrates a process for automatic
adjusting display settings of a Ul based on ambient light.

FI1G. 20 illustrates an example of automatically adjusting a
Ul based on the ambient light level.

FIG. 21 provides an illustrative example of adjusting the
display setting of a UI based on the level of ambient light.

FI1G. 22 pictonally illustrates an application toolkit accord-
ing to some embodiments.

FI1G. 23 provides an 1llustrative example of one such appli-
cation development toolkat.

FIG. 24 illustrates an example of two such frameworks as
used by various client applications at run-time.

FIG. 25 conceptually illustrates a process used by some
embodiments to define an application including UI display
adjustment control.

FIG. 26 illustrates a computer system with which some
embodiments of the mvention are implemented.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of the invention,
numerous details, examples, and embodiments of the inven-
tion are set forth and described. However, it will be clear and
apparent to one skilled in the art that the invention 1s not
limited to the embodiments set forth and that the mnvention
may be practiced without some of the specific details and
examples discussed.

Some embodiments provide a single display adjustment
control that optimizes the appearance of a Ul for different
lighting conditions. In some embodiments, the display adjust-
ment control differentiates the treatment of saturated pixels in
the Ul from non-saturated pixels in the UI. Specifically, the
display adjustment control i some such embodiments
changes the appearance of non-saturated pixels more than 1t
changes the appearance of saturated pixels for a particular
change 1n lighting conditions.

For some embodiments of the invention, FIG. 1 1llustrates
an application UI 100 with one such display adjustment con-
trol. Specifically, this figure 1llustrates the UI 100 at three
different stages 110-130, a first stage 110 where the display
adjustment control 140 (a contrast control 1n this example) 1s
positioned such that the contrast 1s at a mimmum level, a
second stage 120 that 1s after the adjustment control 140 has
been moved to a mid-point, and a third stage 130 that 1s after
the adjustment control 140 has been moved to a maximum
level.

As shown 1n this figure, 1 addition to the display adjust-
ment control 140, the UI 100 includes a content display area
150, various UI elements 160 that have high color saturation
values, various Ul elements 170 that have low color saturation
values, and a Ul background area 180. The Ul elements are
for recerving iput from a user and/or providing information
to the user. These Ul elements may include various buttons,
menu selection 1items, indicators, etc. The Ul elements, as
displayed to a user, may include black and white, grayscale,
and/or color pixels. Such Ul elements may be arranged 1n
different configurations in different applications. The content
display area 150 1s for displaying various representations of
content (e.g., thumbnail images, digital video, a digital
image, etc.). Different Uls may have various different back-
grounds that include some combination of pixels of various
different colors, one or more 1mages, etc.
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The Ul elements 160 and 170 may be used to receive input
from a user and/or to provide information to the user. These
Ul elements may include various buttons, menu selection
items, indicators, etc. These Ul elements may include black
and white, grayscale, and/or color pixels. Although the
example of FIG. 1 represents high color saturation elements
160 and low color saturation elements 170 as being placed 1n
particular locations of the UI 100, one of ordinary skill wall
recognize that the Ul elements may be arranged in different
configurations 1n different applications. The background area
180 1s shown 1n this example as white, indicating a uniform
background color. Different Uls may include various difier-
ent backgrounds that may include pixels of various different
colors, one or more 1mages, etc.

The operation of the UI display adjustment will now be
described by reference to the state of this Ul during the first,
second, and third stages 110-130 that are illustrated 1n FIG. 1.
In the first stage 110, the display control 140 1s positioned at
its minimum value. As shown, the content display area 150 1s
represented as completely white, while the high color satura-
tion Ul elements 160 and the low color saturation Ul elements
170 are represented with a first fill pattern and a second fill
pattern, respectively. In addition, the UI background 180 1s
shown as completely white, indicating that the background
has a different color (and color saturation) than that of ele-
ments 160 or 170.

In the second stage 120, the display control 140 has been
moved to a mid-point value. The change 1n the display control
does not affect the display of the content display area 150,
which 1s still shown as a completely white area of the UI 100.
However, one of ordinary skill in the art will recognize that
some embodiments may also update each content display
area based on the selected display control value. In some
embodiments, each content display area may be updated (or
not updated) based on a user selected option, a default con-
dition, or some other appropnate criteria. The change in the
display control 140 setting has atfected the fill pattern shown
for the high color saturation elements 160 and the low color
saturation elements 170. In some embodiments, the Ul back-
ground arca 180 may also be changed to increase contrast
between the background and the various Ul items 160-170.

As shown 1n the second stage 120, the display of the high
color saturation elements 160 and the low color saturation
clements 170 have been updated such that the fill patterns are
more dense 1n the second stage 120 than the first stage 110. In
order to optimize the contrast increase, 1n this example the
high color saturation fill pattern has had 1ts density increased
by a factor of two while the low color saturation fill pattern
has been increased by a factor of three. Thus, in this example,
the elements with lower color saturation values 170 are
alfected more than the elements with high color saturation
values 160.

In the third stage 130, the display control 140 has been
moved to a maximum value. As above, the change 1n the
display control does not affect the display of the content
display area 150, which 1s still shown as a completely white
area. The change 1n the display control 140 setting has again
aifected the fill pattern shown for the high color saturation
clements 160 and the low color saturation elements 170.

As shown, the fill pattern of the UI background arca 180
has not been changed from the second stage 120 1n response
to the movement of the display control 140. In contrast, the
display of the high color saturation elements 160 and the low
color saturation elements 170 have been updated such that the
{11l patterns are more dense in the third stage 130 than the
second stage 120. As above, the high color saturation fill
pattern has had 1ts density increased by a factor of two 1n this
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example while the low color saturation fill pattern has been
increased by a factor of three. Thus, the elements with lower
color saturation values 170 are atfected more than the ele-
ments with high color saturation values 160.

Although the example of FIG. 1 and many of the examples
that follow below show various specific Uls, controls, display
areas, etc., one of ordinary skill 1n the art will recognize that
other embodiments may implement these elements 1n differ-
ent ways. For instance, instead of a display adjustment control
140, some embodiments may utilize pull-down or pop-up
menu selections to control the display adjustment. In addi-
tion, different Uls may include different variations of high
color saturation areas, low color saturation areas, content
display areas, etc.

FIG. 2 illustrates an example of a conceptual process 200
that some embodiments perform when a request 1s made to
adjust a Ul display parameter. Process 200 will be described
with reference to FIG. 1. Process 200 1s a conceptual repre-
sentation of the operations used when an update to a display
adjustment parameter 1s recerved, causing a “re-draw” com-
mand to be 1ssued. The specific operations of the process may
not be performed in the exact order described or different
specific operations may be performed 1n different embodi-
ments. Also, the process may not be performed as one con-
tinuous series of operations. Furthermore, the process could
be implemented using several sub-processes, or as part of a
larger macro-process.

The process begins when 1t receives (at 210) an update to a
display adjustment parameter (e.g., brightness, contrast, etc.).
The update to the display parameter may be received 1n vari-
ous ways. For example, the display parameter may be
received by quantitying the slider position of a UI control
clement such as display adjustment control 140. Alternatively
and/or conjunctively, the display parameter may be updated
based on a pull-down or pop-up menu selection, a combina-
tion ol keystrokes, a “hot-key” (e.g., selecting “ctrl-alt-
brightness+” or “ctrl-alt-brightness—", where “brightness+”
and “brightness—"" are hotkeys provided by a keyboard or
keypad), a change 1n ambient light as measured through a
light sensor, etc. In addition, some embodiments i1nclude
options that allow a user to select “go-to-max’ or “go-to-min”
such that a user may directly select a maximum or minimum
value of the display adjustment parameter. In some embodi-
ments, the process may monitor a display adjustment param-
cter and determine whether a change in the parameter’s value
has exceeded a particular threshold before continuing. In
addition, some embodiments may perform process 200 at
regular intervals, regardless of whether a display adjustment
parameter has changed.

One of ordinary skill 1n the art will recognize that process
200 may be 1mnitiated 1n a variety of other ways. For instance,
in some embodiments, a first application may recetve an
update to a display adjustment parameter, and 1ssue a re-draw
command to a Ul drawing framework, which may cause a
framework command (1.e., a function) to be called to adjust
the display of Ul elements of the first application. Such a Ul
framework may include various artwork and APIs that are
used by one or more applications to render various Ul items
for display.

In some embodiments, the call to the framework command
may further trigger redrawing of Ul elements of any other
applications that share the same framework with the first
application such that the Ul elements of the other application
are dynamically updated based on the change 1n the display
adjustment parameter of the first application.

For instance, an update to a display parameter of a first
application may trigger an update to a second application
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which shares the same framework such that a redraw com-
mand 1s called for the second application to redraw its Ul
clements. This redrawing of the Ul elements may entail recur-
stvely rendering several other Ul elements of the second
application’s UI.

Afterrecerving (at 210) an update to the display adjustment
parameter, the process retrieves (at 220) a pixel for process-
ing. In some embodiments, the pixel 1s from a previously-
rendered version of a U, such as UI 100 as shown 1n the first
stage 110. One of ordinary skill 1n the art will recognize that
although many of the operations of process 200 are described
with reference to a single pixel, some embodiments may
process multiple pixels at one time (e.g., Ul items such as
buttons, artwork, menu 1tems, etc.). In addition, although the
process may receive only a single pixel (e.g., when a color 1s
speciflied), any number of pixels may be generated at the
output (e.g., when creating a background area of a Ul that
includes a single color).

After retrieving (at 220) a pixel from the input image, the
process determines (at 230) whether the pixel will be pro-
cessed based on the display adjustment parameter. As
described above, some embodiments modify the display of
particular Ul items (e.g., non-content 1tems) based on the
display adjustment parameter, while the display of other
items (e.g., content items) 1s not updated based on the display
adjustment parameter. In some of these embodiments, the Ul
application determines which UI items will recetve process-
ing based on the display adjustment parameter, while 1n other
embodiments the Ul framework may determine the process-
ing to be performed on various Ul 1tems.

Some embodiments may use a mask (e.g., a content mask)
to define the sections of the Ul that will not be modified based
on the display adjustment parameter (e.g., sections that

include content). In some embodiments, the mask 1s stmply a
black and white image where the white areas include sections
of the UI that will be modified based on the display adjust-
ment parameter and the black areas include sections of the Ul
that will not be modified based on the display adjustment
parameter. Other embodiments may mask the content display
areas using various other appropriate methods. In addition,
some embodiments may pass a flag or some other indication
to the framework indicating the processing that will be per-
formed on a particular Ul item. Applying different processing
to different items or areas of the Ul will be described in more
detail 1n sub-section I.A below. The content display area 150
1s one example of such a Ul section that 1s not affected by
changes to the display adjustment parameter.

When the process determines (at 230) that the pixel will be
processed according to the modified display adjustment
parameter, the process classifies (at 240) the pixel based on
the amount of color saturation. Otherwise, the process pro-
ceeds to operation 270 which will be described below. High
color saturation elements 160 and low color saturation ele-
ments 170 are examples of such classification of pixels based
on color saturation levels. After classifying (at 240) the pixel
based on the amount of color saturation, the process color
corrects (at 250) the pixel based on the classification. The
calculation of color saturation values, classification of pixels,
and the color correction operation will be described in more
detail 1n sub-section I.B below.

After color correcting (at 250) the pixel, the process filters
(at 260) the color correction based on the display adjustment
parameter. In some embodiments, this filtering 1s achieved by
blending, based on the display adjustment parameter, the
color corrected pixel with the pixel retrieved (at 220) from the
input image. Thus, in the example shown 1n FIG. 1, when the
display adjustment control 140 1s placed at the far left end of
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the shider, the output pixel 1s the same as the input pixel (1.e.,
the blend operation selects the input pixel and 1gnores the
color corrected pixel). In contrast, when the display adjust-
ment control 140 1s placed at the far right end of the slider, the
blend operation selects the color corrected pixel and 1gnores
the mput pixel. When the display adjustment control 140 1s
placed at an intermediate location along the slider, the output
pixel 1s a weighted combination (based on the slider position)
of the mput pixel and the color corrected pixel.

After filtering (at 260) the color correction or when the
process determines (at 230) that the pixel will not be pro-
cessed according to the modified display adjustment param-
eter, the process determines (at 270) whether there 1s another
pixel i the mput image. When the process determines that
there 1s another pixel 1n the input image, the process performs
operations 220-270 as described above.

When the process determines (at 270) that there are no
more pixels i the input image to process, the process updates
(at 280) the display of the Ul using the filtered color corrected
pixels generated by process 200. Although not shown, pro-
cess 200 may 1teratively perform operations 220-270 for dii-
terent layers of the UI output (e.g., background, buttons,
shadows, text, etc.) before compositing the ditferent layers
and updating the display. Stages two 120 and three 130 of
FIG. 1 illustrate two such display updates to the UI 100. After
updating (at 280) the UI display, the process ends.

One of ordinary skill in the art will recognize that although
references were made to content display areas of a Ul versus
non-content display areas, various other criteria could be used
to determine which sections of the Ul receive processing as
specified 1n operations 240-260 above. For instance, some Ul
clements may be intended to represent absolute color values
and/or Ul elements where the color has a particular meaning
(e.g., color scope, color picker, etc.), and therefore would not
be adjusted by a contrast adjustment algorithm. As another
example, a Ul designer may prefer that certain Ul 1tems (e.g.,
a particular button or menu 1tem) are not affected by changes
in, for example, a contrast setting, while other Ul items (e.g.,
other buttons or menu 1tems) would be affected by a change 1in
a contrast setting.

Several more detalled embodiments of the invention are
described in the sections below. Section I provides a detailed
description of the display adjustment operations. Next, Sec-
tion II shows several example Uls as displayed based on
various adjustments. Section III follows that discussion with
a description of the cachung of Ul items to optimize perior-
mance. Section IV describes the software modules used by
some embodiments to implement the display adjustment. In
addition, Section IV described automatic display adjustments
based on ambient lighting conditions. Section V then
describes the use of an application development tool that
allows application developers to define various display
adjustment parameters and algorithms. Next, Section VI
describes the process used to define the UI display control of
some embodiments. Lastly, Section VII describes a computer

system which implements some of the embodiments of the
invention.
I. Display Adjustment

As mentioned above, some embodiments allow display
adjustments that atfect different Ul elements differently. Sub-
section I.A will describe a detailed example of performing
different 1mage-processing operations on different Ul sec-
tions by reference to FIGS. 3-4. Sub-section 1.B will then
describe a conceptual process used by some embodiments to
adjust the UI display by reference to FIGS. 5-7. Next, sub-
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section 1.C describes, by reference to FIGS. 5 and 8-9, an
operational tree diagram used by some embodiments to pro-
cess the Ul display elements.

A. Alternative Processing of User Interface Items

FIGS. 3-4 illustrate one example way of defining various
Ul items such that only certain Ul items are aifected by a
change 1n a display parameter. Like the UI 100 of FIG. 1, the
UI 300 of FIG. 3 includes various Ul items 310 that will not
be adjusted 1n response to a change in a display adjustment
parameter. As described above, 1n some embodiments, Ul
items such as, for example, content display areas, are not
aifected by changes to a particular display adjustment param-
cter. One way to implement this feature 1s through the use of
an explicit and/or implicit mask, such that various Ul areas
are defined as content display areas (or non-content display
areas) by the developer of the UI application.

FIG. 4 1llustrates an example of such a mask 400. The mask
corresponds to the UI 300 shown 1n FIG. 3. In some embodi-
ments, a mask 1s an image where the pixel values are used to
determine when operations will be performed on the Ul to be
processed. Conceptually, the mask 1s used as a gate to deter-
mine which pixels will be changed and which will be unat-
tected by achange 1n a display adjustment parameter. Thus, 1n
some embodiments, the mask may be an array of values (e.g.,
an array of 1s and Os), where each value corresponds to a
particular pixel in the Ul

In the example of FIG. 4, the mask 400 includes various
sections 410 that correspond to content display areas 310 of
the UI 300. These sections 410 of the mask 400 are indicated
by black pixels (and may alternatively be represented by an
array element with a value o1 0). In addition the content mask
indicates non-content areas of the Ul 300 using white pixels
420 (and may alternatively be represented by an array ele-
ment with a value of 1). Although the example of FIG. 4
shows only two different processing options (1.e., black or
white), some embodiments may use any number of different
processing options. The different processing options allow
different processing to be specified for each Ul 1tem, as appro-
priate. For instance, some Ul 1tems may not recetve any color
correction or contrast processing (€.g., any section of the Ul
where absolute color 1s important). Such alternative process-
ing options will be described in more detail in sub-section I.C
below.

In some embodiments, the application generating the Ul
300 may generate a mask based on different previously-de-
fined areas of the Ul (e.g., content display areas, Ul 1tems
such as buttons, Ul items such as background colors or pat-
terns, etc.) that are designated to recerve different image
processing operations. In other embodiments, the mask 400
may be manually generated, stored, and made available to the
application that generates the UL

In addition to the mask (or array) described above in ret-
erence to FIGS. 3-4, other embodiments may define the pro-
cessing to be performed on various Ul 1items using different
types of masks or data structures or using other appropriate
ways. In addition, different embodiments may designate the
processing to be performed using different operations than
those described above. For instance, some embodiments may
perform display adjustment on all the pixels included 1n the
UI and then superimpose the content display areas over the
adjusted UI.

B. Display Adjustment Algorithm

FIG. 5 illustrates an example of a conceptual process 500
that some embodiments perform when a display adjustment
parameter 1s changed. Process 500 provides a more detailed
description of the operations 240-260 described above 1n
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reference to process 200. Process 500 will be described with
reference to process 200 and FIGS. 6-7.

Process 300 begins when it receives (at 5310) a pixel for
processing. As described above, different pixels may receive
different processing. In this example, any received pixels
have been designated to recerve processing by process 300. In
some embodiments, the pixel may be any pixel from a Ul item
that 1s designated, by a mask such as that described above in
reference to FIGS. 3-4, to receive processing based on an
updated display adjustment parameter. In other embodi-
ments, other types of masks or other methods of designating,

Ul 1tems for processing may be used. In addition, some
embodiments may not use any mask at all and simply process
all pixels from an mput 1image using process S00.

After receiving (at 510) a pixel for processing, the process
converts (at520) the pixel from RGB color space to YIQ) color
space. FIG. 6 illustrates the RGB 600 and YIQ 6350 color
spaces. Specifically, this figure shows conceptual representa-
tions of the color definition properties of each color space. As
shown, the RGB color space 600 includes three orthogonal
axes, a red color axis 610, a blue color axis 620, and a green
color axis 630. The RGB color space 1s an additive color
space. As such, each color in the space 600 may be defined by
specifying a red value, blue value, and green value along the
axes 610-630 and then adding the three primary component
colors to achieve the desired output color.

In addition to the RGB color space 600, FIG. 6 shows the
Y1Q color space 650, which includes aY (or luminance) axis
660, an I (or in-phase, orange-blue) axis 670, and a Q (or
quadrature, purple-green) axis 680. Breakout section 690
shows a two-dimensional representation of the YIQ color
space 650 that 1ignores the Y component. Although section
690 may typically be represented as a square, as the values
along the I and Q axes may range between -1 and 1, 1n this
example the section 690 1s shown as a circle for clarity.

In order to perform (at 520) the color space conversion, a
matrix multiplication 1s used by some embodiments. This
matrix multiplication may be performed 1n some embodi-
ments using the following equation:

Y1 [0299 0587 0.115 ][R (1)
I=|059 -0275 -0.321|-|G
0| |0211 -0523 0311 | |B

where R, (G, and B represent the values used to define the pixel
in the RGB color space and Y, I, and Q) represent the corre-
sponding values used to define the pixel 1n the YIQ color
space. The coellicients used to generate the YIQ values are for
illustrative purposes only and different values may be used 1n
different situations. Thus, the coelficients may vary depend-
ing on the preferences of the Ul designer, available display
devices, display drivers, operating system, eftc.

Next, the process calculates (at 5330) a color saturation
value for the pixel based on the I and Q values calculated at
520. The color saturation value 1s calculated as the distance
from the origin of the I and QQ axes 670-680 to the point
defined by the I and QQ values calculated for the pixel using an
equation such as equation 1. The color saturation value 1s
calculated 1n some embodiments using the following equa-
tion:

S aturatimnz\/(IE+Q2) (2)

where I and Q are the values calculated using equation (1)
above.
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Since the values of I and Q are limited 1n range from -1 to
1, the calculated saturation value may range from O to 1. Since
the Y, or luminance, value 1s 1gnored 1n the saturation calcu-
lation, brightness of the pixel does not affect the saturation
value, only the intensity of the color of the pixel will affect the
saturation value. Thus, brightly colored pixels will have a
higher saturation value, while dully colored pixels (and gray-
scale pixels) will have a lower saturation value, and black and
white pixels will have a saturation value of zero. These 1ndi-
vidual saturation values may collectively be referred to as a
“saturation mask” that indicates saturation levels for each
pixel 1n the input image.

After calculating (at 5330) the color saturation value, the
process amplifies and limits (at 540) the calculated saturation
value. This amplification 1s used to increase the difference in
saturation values between dully colored pixels, while limiting
the difference 1n saturation values between brightly colored
pixels. FIG. 7 provides a conceptual representation of the
amplification and limiting of the saturation value. Specifi-
cally, the figure shows various circular two-dimensional (1.e.,
ignoring the Y value) representations of the YIQ space 700,
730, 750, and 780, where two of the representations 700 and
750 are before amplification and limiting of the saturation
value and two representations 730 and 780 that are after the
amplification and limiting.

As shown 1 FIG. 7, the first 1Q space 700 includes two
indicators 710a and 720aq that show two saturation levels
before amplification. Indicator 710a represents pixels having
a higher saturation value than indicator 720a (1.e., higher
saturation values are further away from the center of the space
700). The outer edge 725 of the space 700 indicates fully
saturated pixels (1.e., pixels with a saturation value of 1). IQ)
space 730 represents the results of applying amplification and
limiting to the space 700. As shown, the saturation level
shown by indicator 720a has been moved away from the
center of the circle, indicated by arrow 735, to an amplified
saturation level shown by indicator 720b. This movement
away 1rom the center of the color space indicates an increase
in saturation level. Likewise, the saturation level shown by
indicator 710a has been moved to a location further away
from the center of the circle, indicated by arrow 740, to an
amplified saturation level shown by indicator 7105.

Because the amplification 1s limited (e.g., to maintain a
maximum saturation value of 1), any values greater than the
maximum saturation value (1.¢., points outside the outer edge
725 of the IQ space 730) are set to the maximum saturation
value. This limiting 1s indicated by arrow 745. This amplifi-
cation and limiting may be performed 1n some embodiments
by generating a mask value using the following equation:

Mask=Maximum[Gain -\/(IE+Q2),1] (3)

where I and Q are the values calculated using equation (1)
above, Gain 1s a parameter that may be set, for example, by an
application developer based on the desired performance of
the display adjustment, and the Maximum function returns
the larger of 1ts two arguments (1.e., in this example, the
maximum value of Mask 1s 1).

IQ space 750 illustrates another example representation of
the saturation amplification and limiting operations. As
shown, the space 750 has a range 760a of values that will be
set to the maximum saturation value after amplification and
limiting. This range 760a includes saturation values from
1/Gainto 1. In other words, any saturation values greater than
1/Gain will be set to the maximum allowed value of 1. This 1s
indicated in the post-amplification I1Q) space 780, which
shows the result of the amplification and limiting operation.
As shown, the region of saturation values 760a from IQ) space
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750 1s now limited to the border 76056 of the IQ space 780.
Although the border 1s drawn as a thicker line 1n this example
to 1indicate that a range of saturation values have been set to
the maximum saturation value, one of ordinary skill 1n the art
will recognize that the indicator 7605 includes only those
post-amplification and limiting saturation values equal to 1.

In addition to the range of values 760q that are moved to
tull saturation after the amplification, 1Q space 780 shows
that the range of saturation values 770a 1s increased such that
the range of amplified saturation values 7705 fills the entire
IQ space 780 (excluding the outer border 76058). In this man-
ner, differences 1n saturation values for less-saturated pixels
are increased, while the differences in saturation values for
more-saturated pixels are reduced or eliminated.

The amplification parameter (“Gain™ 1n equation (3)) of
some embodiments may be set by a UI developer to achieve
the desired level of control when adjusting the UI display. In
other words, the developer may use the gain parameter to set
the range of saturation values calculated based on I and Q that
will be designated as fully saturated after amplification and
limiting, versus the range of values that will be less than fully
saturated after amplification and limiting. The selection of
various parameters used by some embodiments to control the
Ul display adjustment will be described below 1n Section V. In
other embodiments, an end-user may be able to adjust the
gain parameter either directly (e.g., by setting slider position)
or indirectly (e.g., by selecting a particular display option
from a menu).

Returning to process 500, after performing (at 540) ampli-
fication and limiting of the saturation value, the process per-
torms (at 550) a first color correction operation. The first color
correction operation 1s optimized for grayscale and dully-
colored pixels (1.¢., pixels with a lower calculated, amplified,
and limited saturation value). The first color correction opera-
tion 1s performed 1n some embodiments using the following,
equation:

GrayOut=(Input 4™ ma GrayLift): GrayGain (4)

where Input refers to the original RGB values for the input
pixel, and GrayGamma, GrayLift, and GrayGain are param-
cters that may be set based on the desired performance of the
color correction operation. Although not shown explicitly, the
GrayOut varniable includes values corresponding to each of
the R, G, and B 1input values used to define the input pixel.

Thus, as shown by equation (4), the first color correction
operation includes a gamma correction operation (i.e., an
allometric function), a liit adjustment (1.e., an addition opera-
tion), and a gain adjustment (1.e., a multiplication operation).
The parameters (“GrayGamma”, “GrayLift”, and
“GrayGain”) that define the properties of this first color cor-
rection operation may be set by an application developer in
some embodiments such that the display adjustment of the UI
1s optimized. In other embodiments, similarly to the amplifi-
cation parameter described above, an end-user may be able to
adjust the parameters either directly or indirectly.

After performing (at 550) the first color correction opera-
tion, the process performs (at 560) a second color correction
operation. The second color correction operation 1s per-
formed based on the received input pixel, and not on the
output of the first color correction operation. The second
color correction operation 1s optimized for brightly-colored
pixels (1.e., pixels with a higher calculated, amplified, and
limited saturation value). The second color correction opera-
tion 1s performed in two stages. The first stage of the second
color correction 1mnvolves a saturation control operation that
may be performed 1n some embodiments using the following,
equation:

10

15

20

25

30

35

40

45

50

55

60

65

12

Color SAT=luminance(1-ColorSaturation)+
Input-ColorSaturation

(3)

where luminance 1s the luminance value of the mput pixel
(e.g., the “Y” value, or a luminance value calculated from the
RGB values), Input refers to the RGB values for the mput
pixel, and the ColorSaturation parameter may be set based on
the desired performance of the color correction. For example,
when ColorSaturation 1s set to zero, the Color SAT output will
include only black and white values. Although not shown
explicitly, the Color SAT vaniable includes values corre-
sponding to each ofthe R, G, and B mmput values used to define
the mput pixel. As above, the ColorSaturation parameter may
be set by an application developer, or some other appropriate
way, to achieve the desired performance of the display adjust-
ment.

The second stage of the color correction operation includes
a gamma correction operation, a lift adjustment, and a gain
adjustment. These operations may use different parameters
than the first color correction operation. The second color
correction operation 1s performed in some embodiments
using the following equation:

ColorOut=(ColorS AT oercamma ColorLift)-Color-
Gain

(6)

where ColorSAT refers to the RGB values for the mnput pixel
alter saturation control has been performed using equation
(4), and ColorGamma, ColorLift, and ColorGain are param-
cters that may be set based on the desired performance of the
color correction operation. Although not shown explicitly, the
ColorOut variable includes values corresponding to each of
the R, G, and B input values used to define the mput pixel.

As above, the parameters (“ColorGamma”, “ColorLiit”,
and “ColorGain™) that define the properties of this color cor-
rection operation may be set by an application developer in
some embodiments such that the display adjustment of the UI
1s optimized. In other embodiments, similarly to the amplifi-
cation parameter and first color correction parameters
described above, an end-user may be able to adjust the param-
eters either directly or indirectly.

After performing (at 560) the second color correction
operation, the process blends (at 570) the output from the first
color correction operation and the output from the second
color correction operation based on the amplified and limited
saturation value calculated for the mnput pixel. Some embodi-
ments perform this blend operation using the following equa-
tion:

Output=GrayOut-(1-Mask)+ColorOut-Mask (7)

where GrayOut includes the RGB values calculated using
equation (4), ColorOut includes the RGB values calculated
using equations (5) and (6), and Mask i1s the amplified and
limited saturation level calculated using equation (3). Thus,
the Output varies linearly from the GrayOut values (when
Mask=0) to the ColorOut values (when Mask=1). Inthe range
of Mask values between 0 and 1, the Output values are made
up from a weighted addition of the GrayOut values and the
ColorOut values.

When the Mask value (or amplified and limited saturation
value) 1s 0, indicating the lowest level of color saturation, the
output 1s provided completely by the first color correction
operation (1.e., Output=GrayOut). When the Mask value is 1,
indicating the highest level of color saturation, the output 1s
provided completely by the second color correction operation
(1.e., Output=ColorOut). When the Mask value 1s between O
and 1, indicating a saturation value between the minimum and
maximum, the output 1s a weighted combination of the Gray-

Out and ColorOut RGB wvalues.
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After performing (at 570) the blend of the two color cor-
rection outputs, the process blends (at 580) the output from
the blend of the color correction outputs and the original input
pixel values based on the display adjustment parameter. Some
embodiments perform this blend operation using the follow-
ing equation:

FinalOut=Input-(1-Bias)+Output-Bias (8)

where Output includes the RGB values calculated using equa-
tion (7), Input includes the RGB values of the input pixel, and
Bias 1s a display adjustment parameter that ranges from Oto 1.
Thus, the Output varies linearly from the Input values (when
Bias=0) to the Output values (when Bias=1). In the range of
Bias values between 0 and 1, the FinalOut values are made up
from a weighted addition of the Input values and the Output
values.

When the Bias 15 0 (e.g., when a slider control such as 140
shown in FIG. 1 1s placed at 1ts mimimum value), the FinalOut
1s the same as the original Input. When the Bias value 1s 1
(e.g., when a slider control such as 140 shown i FIG. 1 1s
placed at its maximum value), the output 1s provided com-
pletely by the blended color correction outputs (Output).
When the Bias value 1s between O and 1, indicating a display
adjustment value between the minimum and maximum, the
output 1s a weighted combination of the Input and Output
values.

In this manner, a user 1s able to set a single parameter (1.¢.,
“Bias” 1in the above example) that controls the display adjust-
ment of the Ul The Bias parameter may be set by a user in a
variety ol ways. For instance, the slider control 140 shown in
the example of FIG. 1 1s one way a user may set the Bias
parameter to the appropriate value between 0 and 1. Alterna-
tively and/or conjunctively, a user may perform a series of
keystrokes, make a pull-down or pop-up menu selection, or
perform some other appropriate action to set the Bias param-
cter. In addition, in some embodiments the Bias parameter
may be automatically generated by sensing and responding to
ambient light conditions, or through some other automated
method.

After blending (at 5380) the output from the blend of the
color correction outputs and the original input pixel values,
the process ends. In some embodiments, the process 500 may
be run for each pixel 1n the input 1mage. Such operation was
described above 1n reference to process 200.

Although the process 500 has been described using specific
examples and with reference to certain features, actions, and
details, one of ordinary skill in the art will recognize that the
process may be implemented using other specific embodi-
ments without departing from the spirit of the invention. For
instance, the process may be optimized such that only one
color correction operation 1s performed when the saturation
level1satOor 1. As another example, some embodiments may
not perform process 300 at all when the bias parameter 1s
determined to be 0. In addition, some embodiments may
receive input pixels 1n different color formats, and perform an
appropriate color space transformation to generate YIQ color
space values. Some embodiments may perform a transforma-
tion to another appropriate color space, such as YUV or
YCbCr (1.€., a color space that separates a luminance value
from chrominance values, allowing color saturation to be
calculated independently of brightness). Furthermore, 1n
some embodiments process 300 may be performed com-
pletely separately from process 200, or embedded into pro-
cess 200 at a different location than described above.

In addition, although the process 300 has been described as
operating on a single pixel at a time, 1n some embodiments
multiple pixels are processed at once. These multiple pixels
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may include so called “artwork™ (e.g., buttons or other Ul
features defined by a set of pixels), or other groupings of
pixels (e.g., groupings of pixels based on the limitations of the
available 1image processing capabilities, such as cache size).
Furthermore, although the process has been described as per-
forming particular color correction operations, one of ordi-
nary skill will recognize that different embodiments may use
one or more diflerent types of color correction operations
(e.g., using a gamma curve, a sine curve, a power curve, etc.).
In some embodiments, these alternative color correction
operations may be selected by an end-user, or the selection
may be based on some criteria defined by the application
developer or some other appropriate criteria.

C. Operational Flow and Image Compositing

FIG. 8 illustrates one example ol an 1mage-processing
operational tree diagram 800. Specifically, the operational
tree diagram describes a set of operations performed on a
sample RGB 1nput value. The operations shown in FIG. 8 will
be described with reference to FIGS. 5 and 9.

FI1G. 9 1llustrates one example of a multi-layer UI item 900.
Specifically, this figure shows a Ul 1tem 900 that includes
multiple layers 910-930 of image data (1.e., atextlayer 910, a
button color layer 920, and a drop-shadow layer 930. Ditler-
ent Ul items may be defined with various different layers
(e.g., artwork, color, texture, etc.). The various layers (e.g.,
layers 910-930) may then be composited to generate the
complete Ul item for display.

As shown 1n FIG. 8, the processing tree 800 includes vari-
ous 1ndividual 1image-processing operations 810-840, 860,
and 890, different calculated or recerved parameters 850 and
870 used to direct those operations, sets of 1mage processing
operations 805 performed based on a display adjustment
parameter, and alternative sets of processing operations 880
that are performed without reference to the display adjust-
ment parameter.

As shown 1n FIG. 8, the processing tree 800 begins by
performing a sample input operation 810. Such a sample
input operation may include recerving a color value for a
pixel, retrieving a pixel value from an input image, recerving
a pixel value from storage, etc. The sampled input 1s then
passed to a colorspace conversion operation 815, two ditler-
ent color correction operations 820 and 830, and a blend
operation 860. The colorspace conversion 815 represents the
same conversion described above 1n reference to operation
520 of process 500. The first color correction operation 820 1s
the same color correction described above in reference to
operation 350 of process 500. The second color correction
operation 830 1s the same color correction described above 1n
reference to operation 560 of process 500.

After the sample mput operation, the colorspace conver-
s1on operation 815 performs a conversion from the received
colorspace (e.g., RGB colorspace) to the desired colorspace
(e.g., YIQ, YUV, or YCbCr colorspace). The output of the
colorspace conversion operation 815 i1s the amplified and
limited saturation level 850. This saturation level 1s the same
saturation level that was calculated using equations (2)-(3) as
described above in reference to operations 520-540 of process
500.

In addition to the colorspace conversion operation 815, the
processing tree performs color correction 1 820 and color
correction 2 830 to the sampled mnput. These color correction
operations 820 and 830 are performed using equations (4 )-(6)
as described above in reference to operations 5350-560 of
process 500. As shown in FIG. 8, the outputs of the color
correction operations 820 and 830 are passed to a blend
operation 840. The blend operation 1s the same blend opera-
tion described above 1n reference to operation 570 of process
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500. As shown, the blend operation 840 1s controlled by the
saturation level 850 calculated by the colorspace conversion
operation 815. Thus, as described above in reference to opera-
tion 570, the blend operation 840 generates an output that 1s a
welghted combination of the outputs of color correction 1 820
and color correction 2 830, based on the saturation level 850
of the pixel being processed.

The output of the blend operation 840, as well as the output
of the sample mput operation 810 are passed to the blend
operation 860. The blend operation 860 is the same blend
operation described above 1n reference to operation 380 of
process 500. As shown, the blend operation 860 1s controlled
by the display adjustment parameter 870. Thus, as described
above 1n reference to operation 580, the blend operation 860
generates an output that 1s a weighted combination of the
outputs of blend operation 840 and the sample input operation
810, based on the display adjustment parameter 870.

The output of blend operation 860 1s then provided to the
compositing operation 890. In addition, the compositing
operation recerves mputs from various alternative sets of
image processing operations 805 performed based on the
display adjustment parameter 870 and various alternative sets
ol 1mage processing operations 880 performed without ret-
erence to the display adjustment parameter 870. The compos-
iting operation then produces the final rendered result as 1ts
output.

Thus, referring to the example of FIG. 9, the text layer 910
ol button 900, for example may be processed using operation
set 805, based on a display adjustment parameter. In some
embodiments, all pixels 1 the text layer 910 are processed
through a set of operations (e.g., 805) before being passed to
the compositing operation 890.

The button color layer 920 of button 900, on the other hand,
may be processed using an alternative set of processing
operations 880 that are not affected by the value of the display
adjustment parameter 870. In this manner, an application may
process diflerent Ul 1tems using different sets of processing,
operations. For instance, content display areas, for example,
may be processed using one set of 1mage processing opera-
tions, while other Ul items are processed using a second set of
1mage processing operations.

The third layer of the button 900, drop-shadow layer 930,
may be processed using operation set 805, an alternative
processing operation set 880, some other set of 1mage pro-
cessing operations, or even receirve no processing at all before
being passed to the compositing operation 890. Thus, the
various processing paths allow a developer to completely
define the processing that will be performed on not only
various Ul 1tems, but the various component or layers that
make up the Ul items. In some embodiments, the content that
1s displayed in a Ul 1s implicitly masked from particular
image-processing operations as these different layers are pro-
cessed (e.g., through operation set 805), while the content 1s
passed directly to the compositing operation (or receives
alternative processing).

One of ordinary skill in the art will recognize that the
exemplary image processing tree 800 shown in FIG. 8 may be
implemented i1n various different ways without departing
from the spirit of the invention. For instance, some embodi-
ments may process all mputs through the same processing
tree. In addition, Ul items such as the button 900 shown 1n
FIG. 9 may include various different layers with a different
set of processing operations specified for each layer.

I1. Display Adjustment Examples

To better explain adjusting the Ul display settings for dif-
terent lighting conditions, several additional examples will
now be described by reference to FIGS. 10-15. Specifically,
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these figures illustrate adjusting display settings of different
Uls using different UI controls such as a slider, incremental
adjustment control, etc.

FIGS. 10-12 illustrate adjusting the display setting of a Ul
1000 of a media editing application by manipulating a slider
1005. Specifically, these figures 1illustrate the Ul at three
different stages: a first stage in which the slider 1005 1is
positioned at a mimmum level, a second stage 1n which the
slider 1s at a mid-point, and a third stage 1n which the slider 1s
at a maximum level. As shown, the UI 1000 1ncludes (1) a
content display area 1010 that displays a frame of a video clip
1030, (2) a composite display area 1015 that displays thumb-
nail representations 1025 of several pieces of media clip that
are a part of a composite presentation, (3) textual elements
1020 that describes different media clips in the composite
presentation, and (4) the slider 1005 for adjusting the display
settings of the UI.

The operations of adjusting the UI 1000 for different light-
ing conditions will now be described by reference to the state
of the Ul during the first, second, and third stages that are
illustrated 1n FIGS. 10-12. As shown 1n FIG. 10, 1n the first
stage, the slider 1003 1s positioned at its minimum value. That
1s, the slider 1003 1s set at a position that was deemed to be
optimal for a particular lighting condition (e.g., daytime,
brightly-lit room).

FIG. 11 illustrates the UI 1000 1n the second stage after the
slider 10035 has been adjusted to a midpoint value. Specifi-
cally, this figure illustrates that the adjustment of the slider
only affected the luminance characteristics (e.g., saturation,
gamma, lift, gain) of certain elements 1 the Ul 1000. As
shown, the adjustment of the slider 1005 did not affect the
content that 1s displayed 1n the UI and only affected elements

that are part of the Ul For instance, the adjustment of the
slider did not affect the video clip 1030 that 1s displayed in the
content display area 1010 nor the thumbnail representations
1025 in the composite display area 1015. Contranly, the
adjustment affected the background of the composite display
arca 1015.

FIG. 12 illustrates the UI 1000 1n the third stage when the
slider 1005 1s adjusted to a maximum value. As shown, the
adjustment of the slider 1005 has caused the luminance char-
acteristics of the Ul to be generally brighter than at the first
and second stages. In some embodiments, the range of adjust-
ment settings 1s defined (e.g., mathematically) such that the
change 1n luminance characteristic does not affect usability of
the Ul (e.g., by creating artifacts, by making Ul elements
difficult to percerve). In some such embodiments, the range 1s
defined such that colors of the Ul elements do not have to be
inverted to be viewed by a user of the UI. For instance, 1n FIG.
12, although the luminance characteristics of the Ul has
changed to one that 1s optimal under a darker lighting condi-
tion than at the first and second stages, the color of the textual
elements 1020 1s not inverted. In addition, some embodi-
ments perform the display adjustment such that brightly-
colored Ul items (e.g., Ul items 1040) are not affected as
much as dully-colored or grayscale Ul 1items (e.g., UI items
1045) when the display 1s adjusted.

In the previous examples, a slider control was adjusted to
change the display setting of a Ul for different lighting con-
ditions. FIGS. 13-15 illustrate adjusting the display setting of
a touch-screen UI 1300 by selecting a UI button. Specifically,
these figures illustrate the UI 1300 at three different stages: a
first stage 1 which the UI 1300 1s displayed with a low
contrast setting, a second stage 1n which the Ul 1s displayed
with an mtermediate contrast setting, and a third stage in
which the Ul 1s displayed with a high contrast setting. As

.
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shown1n FIG. 13, the UI 1300 includes several Ul items 1310,
a content 1item 1320, and a contrast control 1330.

The operations of adjusting the UI 1300 for different light-
ing conditions will now be described by reference to the state
of the Ul during the first, second, and third stages that are
illustrated 1n FIGS. 13-15. As shown 1n FIG. 13, 1n the first

stage, the contrast 1s set to 1ts mimmmum value (value not
shown).

FI1G. 14 1llustrates the UI 1300 1n the second stage when the
contrast has been adjusted to a midpoint value (value not
shown) using the contrast control 1330 (e.g., by repeatedly
pressing the “+” section of the control). Alternatively or con-
junctively, some embodiments may automatically adjust the
contrast using input from a light sensor. Automatic adjust-
ment of display parameters based on ambient lighting will be
described 1n more detail 1n sub-section IV.B below. Specifi-
cally, this figure 1llustrates that the adjustment of the slider
has, for instance, increased the contrast between the Ul items
1310 and the background of the Ul. As above, the adjustment
ol the contrast control 1330 did not affect the content 1320
that 1s displayed 1n the UI 1300 and only affected elements
that are part of the UL

FI1G. 135 1llustrates the Ul 1300 1n the third stage when the
contrast has been adjusted to amaximum value. As shown, the
adjustment caused a further increase 1n the contrast between
the Ul items 1310 and the background of the Ul. Again, the
adjustment of the contrast did not affect the content 1320
displayed 1n the UI 1300. Although not shown 1in this
example, the UI 1300 may also include various 1tems that are
adjusted differently depending on their respective color satu-
ration levels.

In some embodiments, the range of adjustment settings 1s
defined (e.g., mathematically) such that the change 1n lumi-
nance characteristic does not affect usability of the Ul (e.g.,
by creating artifacts, by making Ul elements difficult to per-
ceive). In some such embodiments, the range 1s defined such
that colors of the UI elements do not have to be inverted to be
viewed by a user of the UL

Although the adjustment of the Ul display has been
described with reference to specific examples and features,
one of ordinary skill 1n the art will recognize that the Ul
display adjustment may be performed using other Uls, other
display controls, etc. For instance, some embodiments may
adjust the Ul display using pull-down menu selections. As
another example, some embodiments may adjust the UI dis-
play using dedicated brightness control keys (e.g., as pro-
vided on many keyboards). In addition, various Uls may have
various different Ul items, display features, content display
areas, etc.

I1I. Performance Enhancement

Some embodiments cache Ul items (e.g., 1cons, buttons,
menus, etc.) to mmprove application performance when
adjusting UI display settings. In some embodiments, the
cache stores Ul elements that were previously stored else-
where or previously calculated. Once the Ul items are stored
in the cache, they can be used again by accessing the cached
copies rather than re-fetching or re-computing (e.g., pixel
processing) the Ul 1items stored on disk. Caching improves
overall performance as cached Ul 1tems, having been previ-
ously processed, do not need to recerve pixel processing. In
addition, when storing the cached Ul items in, for example,
random access memory (RAM), the access time for retrieving,
data previously stored in the cache 1s less costly than the
access time for retrieving data from disk. Furthermore, 1n
some embodiments, the cache 1s shared across multiple appli-
cations.

10

15

20

25

30

35

40

45

50

55

60

65

18

FIG. 16 conceptually illustrates a process 1600 for redraw-
ing a Ul on adisplay screen based on a Ul item stored in cache
or disk. In some embodiments, the process 1s performed by an
application and/or one or more components (e.g., cache
monitor, display adjustment module, etc.) associated with the
application executing on a computing device. This process
will be described by reference to FIG. 17 which illustrates
various different UI items stored 1n disk and cache. As shown,
the process 1600 begins (at 1605) by receiving a Ul adjust-
ment setting. The process then determines (at 1610) whether
a Ul 1item 1s affected by the adjusted setting. When the
adjusted setting does not atfect any Ul item, the process ends.
Otherwise, the process proceeds to 1615.

At 1615, the process determines whether the UI item
alfected by the adjusted display setting was previously dis-
played or cached at that display setting. When the determina-
tion 1s made that the Ul 1tem was previously displayed or
cached at that display setting, the process retrieves (at 1620)
the Ul item from the cache. Otherwise, the process retrieves
(at 1625) the Ul item from the disk.

To facilitate performance enhancement, some embodi-
ments store, in cache, multiple versions of a Ul 1tem for
different UI display settings. This allows the Ul 1tem to be
loaded directly from cache without having to dynamically
process the Ul 1tem each time it 1s loaded. FIG. 17 illustrates
various different Ul items stored in disk and cache. As shown,
the figure includes Ul 1item 1 1705, Ul item 2 1710, and Ul
item M 1713 stored in disk 1720.

After retrieving (at 1625) the Ul item from storage, the
process applies (at 1630) pixel processing to the Ul item.
After applying pixel processing to the Ul item, the process (at
1635) stores the Ul 1tem 1n cache memory. Thus 1s illustrated
in FIG. 17 as several Ul 1tems, each representing a different
specific display setting, or range of display settings, are
loaded onto the cache 1725. Specifically, this figure illustrates
that the Ul 1tem 1 at settings 2 1730 and 5 1735, the Ul item
2 at settings 3 1740 and 12 1745, the Ul item M at setting 7
1750, and several other Ul items have previously been loaded
to the cache 1725.

By loading the Ul items for different settings into cache
memory, the processing time for changing the UI display
setting 1s improved as the different versions do not have to be
reprocessed and/or retrieved again from disk. Once the Ul
item 1s retrieved either from storage or cache, the process
1600 then redraws (at 1640) the Ul based on the retrieved Ul
item. The process then ends.

One of ordinary skill 1n the art will realize that not all
features for redrawing the Ul need to be used together.
Accordingly, some embodiments perform variations on the
process 1600. For example, some embodiments might not
determine whether the Ul 1tem 1s affected and might only
determine whether the Ul 1tem was previously stored for a
particular setting. Also, 1n some embodiments the operations
of process 1600 might be performed by two or more separate
processes. That 1s, some embodiments could have one pro-
cess for retrieving the Ul item from cache and a separate
process for retrieving the Ul 1tem from storage.

IV. Software Architecture
A. Software Architecture of an Application

In some embodiments, the processes described above are
implemented as software running on a particular machine,
such as a computer or a handheld device, or stored 1n a
computer readable medium. FIG. 18 conceptually illustrates
the software architecture of an application 1800 of some
embodiments for adjusting a Ul display such as those
described 1n the preceding sections. In some embodiments,
the application 1s a stand-alone application or 1s integrated
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into another application (e.g., application 1800 might be a
portion of a wvideo-editing application), while 1n other
embodiments the application might be implemented within
an operating system. Furthermore, in some embodiments, the
application 1s provided as part of a server-based (e.g., web-
based) solution. In some such embodiments, the application
1s provided via a thin client. That 1s, the application runs on a
server while a user interacts with the application via a sepa-
rate client machine remote from the server (e.g., via a browser
on the client machine). In other such embodiments, the appli-
cation 1s provided via a thick client. That 1s, the application 1s
distributed from the server to the client machine and runs on

the client machine.
As shown 1n FIG. 18, the application 1800 includes a Ul

interaction module 1820 for interacting with a user of the
application, a display adjustment module 1830 for adjusting
the display of the Ul, a cache monitor engine 1835 for moni-
toring stored Ul 1tems 1n one or more caches, an ambient light
controller 1845 for dynamically adjusting the display based
on sensed ambient light, and a rendering engine 1840 for
generating image data for storage or display. The application
1800 may also access a set of storages 1850. The set of
storages includes storages for Ul items 1853, content data
1860, as well as other data 1865 (e.g., media content data,
display parameters, etc.).

The operating system 1810 of some embodiments includes
a cursor controller driver 1873 that allows the application
1800 to recerve data from a cursor control device, a keyboard
driver 1880 that allows the application 1800 to receive data
from a keyboard, and a display module 1890 for processing
video data that will be supplied to a display device (e.g., a
monitor).

A user 1nteracts with 1items 1n a Ul of the application 1800
via input devices (not shown) such as a cursor controller (e.g.,
a mouse, touchpad, trackpad, etc.) and/or keyboard. The input
from these devices 1s processed by the cursor controller driver
1875 and/or the keyboard driver 1880. The present applica-
tion describes Uls that provide users with numerous ways to
perform different sets of operations and functionalities. In
some embodiments, these operations and functionalities are
performed based on different commands that are received
from users through different input devices (e.g., keyboard,
trackpad, touchpad, mouse, etc). For example, the present
application describes the use of a cursor 1n the Ul to control
(e.g., select, move) objects 1n the Ul. However, 1n some
embodiments, objects 1 the Ul can also be controlled or
manipulated through other controls, such as touch control. In
some embodiments, touch control 1s implemented through an
input device that can detect the presence and location of touch
on a display of the device. An example of such a device 1s a
touch screen device. In some embodiments, with touch con-
trol, a user can directly manipulate objects by interacting with
the UI that 1s displayed on the display of the touch screen
device. For instance, a user can select a particular objectin the
UI by simply touching that particular object on the display of
the touch screen device. As such, when touch control 1s uti-
lized, a cursor may not even be provided for enabling selec-
tion of an object of a Ul 1n some embodiments. However,
when a cursor 1s provided 1n a Ul, touch control can be used
to control the cursor 1in some embodiments.

When a user interacts with a Ul control to change the
display settings, some embodiments translate the user inter-
action into input data and send this data to the display adjust-
ment module 1830. For example, when the user interacts with
a control to change the Ul display settings from a low ambient
light setting to a high ambient light setting, the UI interaction
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module 1820 may translate the settings and pass the trans-
lated settings to the display adjustment module 1830.

The display adjustment module 1830 of some embodi-
ments includes various application programming interfaces
(APIs) for processing display settings and/or commands
received from the Ul mteraction module 1820. The display
setting or command 1s then processed by the display adjust-
ment module to adjust the display setting of the UI. The
display adjustment module 1830 may also interface with one
or more storages to load Ul 1tems (e.g., 1cons, Ul controls,
etc). The display adjustment module 1830 may also interface
with the cache monitor engine 1835 to load such Ul items
from cache 1860.

The computing device (e.g., notebook computer, desktop
computer, portable devices) may include one or more light
sensors configured to receive and measure the level of light
that surrounds the computing device during use, as for
example, light that 1s produced by incandescent, sunlight,
fluorescents, and the like. This type of light 1s sometimes
referred to as “ambient light.”” In some embodiments, the
display settings of the UI are automatically adjusted based on
ambient light. To facilitate such auto-adjustment, the ambient
light controller 1845 reads the measure light and determines
a display setting for the Ul based on the measured light. The
display setting 1s then passed to the display adjustment mod-
ule 1830 to automatically adjust the display setting of the Ul
based on the measured light.

In some embodiments, the cache monmitor engine 1835
monitors stored Ul 1tems 1n one or more caches. For instance,
the cache monitor engine of some embodiments monitors Ul
items that are loaded 1n either disk or cache to improve overall
performance when changing display settings of the UI.

Rendering engine 1840 enables the storage or output of
audio and video from the application 1800. For example,
rendering engine 1840 uses stored Ul items (e.g., 1n cache,
disk) to render the UI. As such, the rendering engine receives,
in some embodiments, data from the display adjustment mod-
ule 1830 so that the Ul can be displayed according a specified
setting. Alternatively, data may be passed from the rendering
engine 1840 to the set of storages 1850 for later display.

Although the application 1800 and 1its features have been
described using several specific embodiments, other embodi-
ments might implement the application or 1ts features using
different resources or by placing the various modules 1n dii-
ferent specific locations. For instance, while many of the
features have been described as being performed by one com-
ponent (e.g., the Ul interaction module 1820, display adjust-
ment module 1830), one of ordinary skill would recognize
that a particular component might be split up 1into multiple
components, and the performance of one feature might even
require multiple components in some embodiments.

B. Automatic Adjustment of User Interface Display Setting

As mentioned above, a computing device (e.g., notebook
computer, desktop computer, portable devices) may include
or be coupled to one or more light sensors configured to
receive and measure level of light that surrounds the comput-
ing device. For instance, a desktop computer may be coupled
with a keyboard that includes one or more light sensors.
Alternatively, a mobile smart device may include such a light
sensor on a display screen or keypad. Such light sensors may
produce one or more signals that specily the light conditions
as measured by the sensor. In some embodiments, the display
setting of a Ul 1s automatically adjusted based on light mea-
sured from one or more such light sensors.

FIG. 19 conceptually illustrates a process 1900 for auto-
matically adjusting display settings of a UI based on ambient
light (e.g., light that surrounds a computing device during
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use). In some embodiments, the process 1s performed by the
application 1800 described above by reference to FIG. 35.
Process 1900 will now be described by reference to FIGS. 20
and 21.

As shown, the process 1900 begins (at 1910) by determin-
ing whether the light sensing feature 1s activated. For
example, an application or an operating system may have a Ul
option (e.g., check box, button, slider) for specitying an auto-
adjustment setting for the Ul. When the process determines
that the light sensing feature 1s not activated, the process ends.
Otherwise, the process proceeds to 1920.

At 1920, the process 1900 determines an ambient light
level. FIG. 20 illustrates an example of automatically adjust-
ing a Ul based on the ambient light level. As shown, the figure
includes a computing device 2000 that includes a light sensor
2005. The computing device further stores the ambient light
controller 1845, the display adjustment module 1830, and a
UI 2005. The light sensor 2003 1s configured to recerve and
measure the level of light 2010 that surrounds the computing,
device 2000 during use. In some embodiments, the ambient
light controller 1845 determines the ambient light level based
on the measured level of light from the light sensor 2005.

Once the ambient light level 1s determined, the process
1900 then determines (at 1930) a Ul display parameter
according to the ambient light level. In the example 1llustrated
in FIG. 20, the ambient light controller determines the UI
display parameter and passes the determined parameter to the
display adjustment module 1830.

FIG. 21 provides an illustrative example of adjusting the
display setting of a Ul based on the level of ambient light.
Specifically, this figure illustrates that as the ambient level
goes up, the display setting of the Ul (e.g., contrast, bright-
ness, etc.) goes down in some embodiments. For instance, the
Ul may be made generally brighter during nighttime or a
non-optimally lit room than at daytime or brightly lit room.
Once the display parameter for the Ul 1s set, process 1900
redraws or renders (at 1950) the Ul based on the display
parameter and ends. As mentioned above, this operation may
entail rendering Ul items from disk and/or cache memory.

In some embodiments, process 1900 may be continuously
performed by the application generating the UI display. In
other embodiments, the process may be performed at regular
intervals (e.g., every 2 minutes). In still other embodiments,
the process 1900 may be performed when a change 1s ambient
lighting conditions occurs and 1s sensed by the ambient light
controller 1845 through a light sensor 2005.

One of ordinary skill 1n the art will realize that not all
teatures for automatically adjusting a Ul based on a measured
level of light need to be used together. Accordingly, some
embodiments perform variations on the process 1900. For
example, some embodiments might not determine whether a
light sensing feature 1s enabled or disabled. Hence, in some
embodiments, the process 1900 might use other factors to
estimate the ambient light level. For example, 1n some such
embodiments the Ul display setting may be automatically
adjusted based on time of day.

V. Application Development

Some embodiments provide an application toolkit that
allows developers of different applications to produce differ-
ent drawing APIs for different applications being developed.
FIG. 22 pictonially 1llustrates an application prototyping tool-
kit 2200 according to some embodiments. Specifically, this
figure illustrates the development of two sets of drawing APIs
2225 and 2240 for two different frameworks 2215 and 2220
based on the Ul items stored in storages 2205 and 2210 (each
storage 2205 or 2210 corresponding to a particular applica-
tion or suite of applications). As shown, the drawing APIs
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2225 control the display settings of Ul1items 1 2235, while the
drawing APIs 2240 control the display settings of UI items 2
2250. In addition, each group of drawing APIs 2225 and 2240
includes a color contrast API (2230 and 2245, respectively)
that performs the color contrast processing described, for
example, 1 reference to FIG. 5 above.

FIG. 23 provides an illustrative example of one such appli-
cation prototyping toolkit. As shown, the application proto-
typing toolkit 2200 includes a preview display area 2305 and
a parameter display area 2310. The preview display area
displays a preview of a Ul according to the parameters defined
in the parameter display area 2310.

The parameter display area 2310 1s an area 1n the applica-
tion development toolkit 2200 through which a developer can
view and modily settings for a set of drawing APIs. Specifi-
cally, in this example, the parameter display area 2310
includes (1) an adjusted 1mage slider 2315, (2) a mask inten-
sity slider 2320, (3) a first set of sliders 2325 that defines a first
color correction function for applying to non-saturated pixels,
(4) a second set of sliders 2330 that defines a second color
correction function for applying to saturated pixels, and (5) a
content mask check box 2335.

As shown 1n FIG. 23, the adjusted 1mage slider 2315 rep-
resents the control that specifies the parameter which defines
the display settings of a Ul for different lighting conditions. In
some embodiments, the adjusted 1image slider and/or a varia-
tion of 1t 1s provided by the developer to an end-user of an
application, while several of these other sliders and controls
in the parameter display area 2310 are not made available to
the end-user.

The mask mtensity slider 2320 1s a control that defines the
intensity of a saturation mask (e.g., the saturation level cal-
culated above using equation (2)). The mask intensity slider
of some embodiments sets an amplification value for the
saturation mask (e.g., the “Gain” parameter 1n equation (3),
described above). In some embodiments, this mask intensity
defines a saturation level that separates saturated colors from
non-saturated colors. For instance, 11 the intensity of the mask
1s reduced then fewer pixels will be classified as saturated and
the distinction between grayscale and color display adjust-
ment may not be clear. Conversely, 1f the intensity of the mask
1s increased then more pixels will be classified as saturated
and the distinction between color and grayscale display
adjustment may become clearer.

The first set of shiders 2323 defines a first color correction
function that 1s optimized for non-saturated pixels. Specifi-
cally, the first set of sliders defines constants that are associ-
ated with the gamma, lift, and gain parameters for the first
color correction function (e.g., the color correction operation
described above 1n reference to equation (4)). The second set
of sliders 2330 defines a second color correction function for
applying to saturated pixels (e.g., the color correction opera-
tion described above 1n reference to equations (35) and (6)).
The second set of sliders includes similar parameters as the
first set of controls. However, the second set of sliders 2330
also includes a slider that defines a constant for color satura-
tion. These color correction functions are described above by
reference to FIGS. 5-7.

The content mask check box 2333 allows the developer to
casily customize the drawing APIs such that content elements
of the Ul are either masked or unmasked. In the example
illustrated 1n FIG. 23, the parameter display area 2310 also
includes several other controls for defining the drawing APIs
(e.g., a pull-down menu for selecting a type of adjustment
curve and several sliders for defining the selected curve).

The operations of the application development toolkit

2200 will now be described by reference to FIG. 23. As
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shown, a developer loads Ul items (e.g., UI items 2205 and
2210) to generate drawing APIs. In this example, the Ul items
(e.g., Ul screen capture images, buttons and other Ul artwork,
menu items, etc.) are displayed 1n the preview display area
2305. The user then selects an option to display the parameter
display area 2310. Once the parameter display area 1s dis-
played, the developer adjusts various parameters to define the
desired settings for the Ul display adjustment by reviewing
the effects on the Ul item(s) 1n the preview display area 2305.
After selecting the desired parameter values, the developer
may store the resulting drawing APIs (e.g., color contrast
APIs 2230 or 2245) as part of a framework (e.g., framework
2215 or 2220). In addition, the various application user inter-
tace items 2205 or 2210 may be stored as part of a framework

(e.g., Ul items 2235 or 2250). In some embodiments, the Ul

items 22335 or 2250 are not stored as part of a framework, but
the storage 2205 or 2210 may be accessed by the framework
2215 or 2220 as needed.

FIG. 24 illustrates an example of two such frameworks as
used by various client applications at run-time. Specifically,
this figure shows various client applications 2410 from a first
suite of applications 2420 using a first framework 2430 that
includes a set of UI drawing APIs 2435 and a database of Ul
items 2440. In addition, this figure shows other client appli-
cations 2450 from a second suite of applications 2460 using a
second framework 2470 that includes a set of Ul drawing
APIs 2475 and a database of Ul items 2480.

The various client applications 2410 and 2450 ecach
execute over a framework 2430 or 2470. When a user of a
particular application 2410 or 2450 modifies a display setting
of the Ul generated by the application 2410 or 2450, the
updated display setting 1s passed to a set of drawing APIs
2435 or 2475 which then renders the Ul items for display or
caching. In some cases, the framework retrieves data from the
appropriate Ul item database 2440 or 2480 1n order to update
the Ul. In other cases, the set of drawing APIs 2435 or 2475
renders the Ul items for display or caching without accessing,
the Ul item database 2440 or 2480. In such cases, a client
application may still use one or more APIs (e.g., color con-
trast API 2230 or 2245) to perform 1mage processing opera-
tions on a Ul item (e.g., the client application may draw a
circle and request that the circle be drawn using a yellow
theme color, where the yellow theme color has been color
contrast adjusted).

In some embodiments, the adjustment to the display setting
ol a particular application triggers an adjustment to the other
applications associated with the framework (i.e., the other
applications in a particular suite of applications). In some
such embodiments, the framework directs the Ul items that
are displayed in Uls generated by the other applications 1n the
particular suite of applications to be redrawn.

V1. Process for Defining an Application

Section IV, above, described and illustrated the software
architecture of an application 1n accordance with some
embodiments. FIG. 25 conceptually illustrates a process 2500
ol some embodiments for defining an application, such as the
application 1800. As shown, process 2500 begins by defining
(at 2505) UI elements. In some embodiments, these Ul ele-
ments are defined using Ul items stored 1n storage.

Process 2500 then defines (at 2510) a display adjustment
module. The display adjustment module 1830 shown 1n FIG.
18 1s an example of such a module. Next, the process defines
(at 2515) a cache monitor engine. As mentioned above, the
cache monitor engine of some embodiments monitors stored
Ul 1tems 1n one or more caches to improve overall perfor-
mance when changing display settings of the UL
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The process 2500 next defines (at 2520) an ambient light
controller. An example of such ambient light controller 1s
described above by reference to FIGS. 18 and 20. The process
then defines (at 25235) other application components and
functionalities. After 2525, the components of the application
are all defined. Accordingly, the process stores (at 2530) a
representation of the application in a readable storage
medium. The readable storage medium may be a disk (e.g.,
CD, DVD, hard disk, etc.) or a solid-state storage device (e.g.,
flash memory) 1n some embodiments. One of ordinary skill in
the art will recogmize that the various components (e.g.,
engine, module, Ul elements) defined by process 2500 are not
exhaustive of the modules and components that could be
defined and stored on a readable storage medium for an appli-
cation mcorporating some embodiments of the mnvention.
VII. Computer System

Many of the above-described processes and modules are
implemented as software processes that are specified as a set
of instructions recorded on a computer readable storage
medium (also referred to as “computer readable medium™ or
“machine readable medium™). When these instructions are
executed by one or more computational element(s), such as
processors or other computational elements like Application-
Specific ICs (“ASIC”) and Field Programmable Gate Arrays
(“FPGA”), they cause the computational element(s) to per-
form the actions indicated 1n the instructions. Computer 1s
meant 1n 1ts broadest sense, and can include any electronic
device with a processor. Examples of computer readable
media include, but are not limited to, CD-ROMs, flash drives,
RAM chips, hard drives, EPROMs, etc. The computer read-
able media does not 1include carrier waves and/or electronic
signals passing wirelessly or over wired connection.

In this specification, the term “software’ includes firmware
residing 1n read-only memory or applications stored 1n mag-
netic storage which can be read into memory for processing
by one or more processors. Also, in some embodiments,
multiple software inventions can be implemented as sub-parts
of a larger program while remaining distinct software imnven-
tions. In some embodiments, multiple software 1nventions
can also be implemented as separate programs. Finally, any
combination of separate programs that together implement a
soltware mnvention described herein 1s within the scope of the
invention. In some embodiments, the software programs
when 1nstalled to operate on one or more computer systems
define one or more specific machine implementations that
execute and perform the operations of the software programs.

FIG. 26 conceptually illustrates a computer system 2600
with which some embodiments of the invention are 1imple-
mented. For example, the system described above 1n refer-
ence to FIG. 18 may be at least partially implemented using
sets of mnstructions that are run on the computer system 2600.
As another example, the processes described 1n reference to
FIGS. 2, 5, 16, and 19 may be at least partially implemented
using sets of mstructions that are run on the computer system
2600.

Such a computer system includes various types of com-
puter readable mediums and interfaces for various other types
of computer readable mediums. Computer system 2600
includes a bus 2610, a processor 2620, a system memory
2630, aread-only memory (ROM) 2640, a permanent storage
device 26350, a graphics processing unit (“GPU”") 2660, input
devices 2670, output devices 2680, and a network connection
2690. The components of the computer system 2600 are
clectronic devices that automatically perform operations
based on digital and/or analog 1nput signals. The various
examples of Ul display adjustment algorithms and controls
shown 1n FIGS. 10-15 may be at least partially implemented
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using sets of mnstructions that are run on the computer system
2600 and displayed using the output devices 2680.

One of ordinary skill 1n the art will recognize that the
computer system 2600 may be embodied in other specific
forms without deviating from the spirit of the invention. For
instance, the computer system may be implemented using
various specilic devices either alone or in combination. For
example, a local PC may include the mnput devices 2670 and
output devices 2680, while a remote PC may include the other
devices 2610-2660, with the local PC connected to the remote
PC through a network that the local PC accesses through 1ts
network connection 2690 (where the remote PC 1s also con-
nected to the network through a network connection).

The bus 2610 collectively represents all system, peripheral,
and chipset buses that communicatively connect the numer-
ous internal devices of the computer system 2600. In some
cases, the bus 2610 may include wireless and/or optical com-
munication pathways in addition to or 1n place of wired con-
nections. For example, the input devices 2670 and/or output
devices 2680 may be coupled to the system 2600 using a
wireless local area network (W-LAN) connection, Blue-
tooth®, or some other wireless connection protocol or sys-
tem.

The bus 2610 communicatively connects, for example, the
processor 2620 with the system memory 2630, the ROM
2640, and the permanent storage device 2650. From these
various memory units, the processor 2620 retrieves instruc-
tions to execute and data to process 1n order to execute the
processes of some embodiments. In some embodiments the
processor includes an FPGA, an ASIC, or various other elec-
tronic components for execution instructions.

The ROM 2640 stores static data and instructions that are
needed by the processor 2620 and other modules of the com-
puter system. The permanent storage device 26350, on the
other hand, 1s a read-and-write memory device. This device 1s
a non-volatile memory unit that stores instructions and data
even when the computer system 2600 1s off. Some embodi-
ments of the mvention use a mass-storage device (such as a
magnetic or optical disk and 1ts corresponding disk drive) as
the permanent storage device 2650.

Other embodiments use a removable storage device (such
as a floppy disk, flash drive, or CD-ROM) as the permanent
storage device. Like the permanent storage device 2650, the
system memory 2630 i1s a read-and-write memory device.
However, unlike storage device 2650, the system memory
2630 15 a volatile read-and-write memory, such as a random
access memory (RAM). The system memory stores some of
the 1nstructions and data that the processor needs at runtime.
In some embodiments, the sets of instructions and/or data
used to implement the mvention’s processes are stored in the
system memory 2630, the permanent storage device 2630,
and/or the read-only memory 2640. For example, the various
memory units include istructions for processing multimedia
items 1n accordance with some embodiments.

In addition, the bus 2610 connects to the GPU 2660. The
GPU of some embodiments performs various graphics pro-
cessing functions. These functions may include display func-
tions, rendering, compositing, and/or other functions related
to the processing or display of graphical data.

The bus 2610 also connects to the mnput devices 2670 and
output devices 2680. The mput devices 2670 enable the user
to communicate mnformation and select commands to the
computer system. The input devices include alphanumeric
keyboards and pointing devices (also called “cursor control
devices™). The mput devices also include audio input devices
(e.g., microphones, MIDI musical istruments, etc.) and
video mputdevices (e.g., video cameras, still cameras, optical

10

15

20

25

30

35

40

45

50

55

60

65

26

scanning devices, etc.). The output devices 2680 include
printers, electronic display devices that display still or mov-
ing 1mages, and electronic audio devices that play audio gen-
crated by the computer system. For instance, these display
devices may display a UI. The display devices include devices
such as cathode ray tubes (“CRT”), liquid crystal displays

(“LCD”), plasma display panels (“PDP”), surface-conduc-
tion electron-emitter displays (alternatively referred to as a
“surface electron display”™ or “SED”), etc. The audio devices
include a PC’s sound card and speakers, a speaker on a cel-
lular phone, a Bluetooth® earpiece, etc. Some or all of these
output devices may be wirelessly or optically connected to the
computer system.

Finally, as shown in FIG. 26, bus 2610 also couples com-
puter 2600 to a network 2690 through a network adapter (not
shown). In this manner, the computer can be a part of a
network of computers (such as a local area network (“LAN"),
a wide area network (“WAN™), an Intranet, or a network of
networks, such as the Internet. For example, the computer
2600 may be coupled to a web server (e.g., network 2690) so
that a web browser executing on the computer 2600 can
interact with the web server as a user interacts with a Ul that
operates 1n the web browser.

As mentioned above, some embodiments include elec-
tronic components, such as microprocessors, storage and
memory that store computer program instructions in a
machine-readable or computer-readable medium (alterna-
tively referred to as computer-readable storage media,
machine-readable media, or machine-readable storage
media). Some examples of such computer-readable media
include RAM, ROM, read-only compact discs (CD-ROM),
recordable compact discs (CD-R), rewritable compact discs
(CD-RW), read-only digital versatile discs (e.g., DVD-ROM,
dual-layer DVD-ROM), a variety of recordable/rewritable
DVDs (e.g., DVD-RAM, DVD-RW, DVD+RW, etc.), flash
memory (e.g., SD cards, mini-SD cards, micro-SD cards,
etc.), magnetic and/or solid state hard drives, read-only and
recordable blu-ray discs, ultra density optical discs, any other
optical or magnetic media, and floppy disks. The computer-
readable media may store a computer program that 1s execut-
able by at least one processor and includes sets of instructions
for performing various operations.

Examples of hardware devices configured to store and
execute sets of instructions include, but are not limited to,
ASICs, FPGAs, programmable logic devices (“PLDs™),
ROM, and RAM devices. Examples of computer programs or
computer code imnclude machine code, such as produced by a
compiler, and files including higher-level code that are
executed by a computer, an electronic component, or a micro-
processor using an interpreter.

As used 1n this specification and any claims of this appli-
cation, the terms “computer”, “server’, “processor’, and
“memory” all refer to electronic or other technological
devices. These terms exclude people or groups of people. For
the purposes of this specification, the terms display or dis-
playing mean displaying on an electronic device. As used 1n
this specification and any claims of this application, the terms
“computer readable medium” and “computer readable
media” are entirely restricted to tangible, physical objects that
store information 1 a form that i1s readable by a computer.
These terms exclude any wireless signals, wired download
signals, and/or any other ephemeral signals.

It should be recognized by one of ordinary skill in the art
that any or all of the components of computer system 2600
may be used 1n conjunction with the invention. Moreover, one
of ordinary skill 1in the art will appreciate that any other
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system configuration may also be used in conjunction with
the 1nvention or components of the invention.

While the mvention has been described with reference to
numerous specific details, one of ordinary skill 1n the art waill
recognize that the invention can be embodied in other specific
torms without departing from the spirit of the invention. For
example, several embodiments were described above by ret-
erence to particular applications (and their associated Uls)
with particular features and components (e.g., with a particu-
lar content display area). However, one of ordinary skill will
realize that other embodiments might be implemented with
other types of applications (and/or other associated Uls) with
other types of features and components (e.g., other types of
content display areas).

Moreover, while the examples shown illustrate many indi-
vidual modules as separate blocks (e.g., the display adjust-
ment module 1830, the ambient light controller 1845, etc.),
one ol ordinary skill in the art would recognize that some
embodiments may combine these modules 1nto a single func-
tional block or element. One of ordinary skill 1n the art would
also recognize that some embodiments may divide a particu-
lar module into multiple modules.

One of ordinary skill in the art will realize that, while the
invention has been described with reference to numerous
specific details, the mvention can be embodied 1n other spe-
cific forms without departing from the spirit of the invention.
For instance, alternate embodiments may be implemented
using different display controls, parameters, masking tech-
niques, etc. One of ordinary skill in the art would understand
that the invention 1s not to be limited by the foregoing illus-
trative details, but rather 1s to be defined by the appended
claims.

We claim:

1. A method of dynamically adjusting an appearance of a
user 1interface (“UI”) displayed on a device, the method com-
prising:

receiving a display adjustment parameter for optimizing

the appearance;

for a first set of saturated pixels having saturation values

that satisfy a threshold saturation value, increasing the
saturation values of the first set of pixels to a maximum
saturation value;

for a second set of non-saturated pixels having saturation

values that do not satisty the threshold saturation value,
increasing the saturation values of the second set of
pixels to saturation values within a range of saturation
values that are less than the maximum saturation value;
and

based on the display adjustment parameter, adjusting the

appearance of the Ul by differentiating display adjust-
ments to the first set of pixels from the display adjust-
ments to the second set of pixels.

2. The method of claim 1, wherein the display adjustment
adjustments are specified for different lighting conditions.

3. The method of claim 1, wherein adjusting the appear-
ance of the Ul comprises changing an appearance of the
second set of pixels more than an appearance of the first set of
pixels.

4. The method of claim 1 further comprising displaying a
user-modifiable control that when adjusted specifies the dis-
play adjustment parameter, wherein receiving the display
adjustment parameter comprises recerving a user’s adjust-
ment of the user-modifiable control.

5. The method of claim 1 turther comprising computing the
display adjustment parameter based on a measurement of
ambient light, wherein said adjusting comprises automati-
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cally adjusting the appearance of the Ul 1n accordance with
the computed display adjustment parameter.

6. The method of claim 1, wherein the Ul comprises a
plurality of UI elements that are composited in order to render
the UI for display.

7. The method of claim 6, wherein adjusting the appear-

ance of the Ul comprises:

distinguishing the Ul elements from any non-UI element;

and

adjusting the appearance of at least one of the Ul elements

while not adjusting the appearance of any non-UI ele-
ment.

8. The method of claim 6, wherein adjusting the appear-
ance of the Ul comprises:

identifying a first set of Ul elements in the plurality of Ul

clements for pixel value adjustment; and

adjusting pixel values of the first set of UI elements while

not adjusting pixel values of a second set of UI elements.

9. The method of claim 6 further comprising:

identitying any Ul element that 1s stored 1n cache memory,

wherein adjusting the appearance comprises retrieving any

identified Ul element from the cache memory and any
other Ul element from a disk to render the Ul for display.

10. A non-transitory machine readable medium storing a
program which when executed by at least one processing unit
dynamically adjusts an appearance of a user mterface (“UI”)
displayed on a device, the program comprising sets of instruc-
tions for:

receving a display adjustment parameter for optimizing

the appearance;

for a first set of saturated pixels having saturation values

that satisiy a threshold saturation value, increasing the
saturation values of the first set of pixels to a maximum
saturation value;

for a second set of non-saturated pixels having saturation

values that do not satisty the threshold saturation value,
increasing the saturation values of the second set of
pixels to saturation values within a range of saturation
values that are less than the maximum saturation value;
and

based on the display adjustment parameter, adjusting the

appearance of the Ul by differentiating display adjust-
ments to the first set of pixels from the display adjust-
ments to the second set of pixels.

11. The non-transitory machine readable medium of claim
10, wherein the display adjustments are specified for different
lighting conditions.

12. The non-transitory machine readable medium of claim
10, wherein the set of instructions for adjusting the appear-
ance ol the Ul comprises a set of instructions for changing an
appearance ol the second set of pixels more than an appear-
ance of the first set of pixels.

13. The non-transitory machine readable medium of claim
10, wherein the program further comprises a set of instruc-
tions for displaying a user-modifiable control that when
adjusted specifies the display adjustment parameter, wherein
the set of instructions for recewving the display adjustment
parameter comprises a set ol instructions for recewving a
user’s adjustment of the user-modifiable control.

14. The non-transitory machine readable medium of claim
10, wherein the program further comprises a set of instruc-
tions for computing the display adjustment parameter based
on a measurement of ambient light, wherein the set of instruc-
tions for adjusting comprises a set of mstructions for auto-
matically adjusting the appearance of the Ul in accordance
with the computed display adjustment parameter.
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15. The non-transitory machine readable medium of claim
10, wherein the UI comprises a plurality of UI elements that
are composited in order to render the Ul for display.

16. The non-transitory machine readable medium of claim
15, wherein the set of instructions for adjusting the appear-
ance of the Ul comprises sets of istructions for:

distinguishing the Ul elements from any non-UI element;
and

adjusting the appearance of at least one of the Ul elements

while not adjusting the appearance of any non-UI ele-
ment.
17. The non-transitory machine readable medium of claim
15, wherein the set of instructions for adjusting the appear-
ance of the Ul comprises sets of istructions for:

identifying a first set of Ul elements 1n the plurality of Ul
clements for pixel value adjustment; and
adjusting pixel values of the first set of Ul elements while
not adjusting pixel values of a second set of UI elements.
18. The non-transitory machine readable medium of claim
15, wherein the program further comprises sets of instruc-
tions for identifying any Ul element that i1s stored 1n cache
memory, wherein the set of istructions for adjusting the
appearance comprises retrieving any 1dentified Ul element
from the cache memory and any other Ul element from a disk
to render the UI for display.
19. A system comprising:
a set of processing units for executing sets of instructions;
and
amemory for storing a program which when executed by at
least one of the processing units dynamically adjusts an
appearance of a user iterface (“UI”) for display, the
program comprising sets of istructions for:
receiving a display adjustment parameter for optimizing,
the appearance;
for a first set of saturated pixels having saturation values
that satisty a threshold saturation value, increasing the
saturation values of the first set of pixels to a maxi-
mum saturation value;
for a second set of non-saturated pixels having saturation
values that do not satisty the threshold saturation
value, increasing the saturation values of the second
set of pixels to saturation values within a range of
saturation values that are less than the maximum satu-
ration value; and
based on the display adjustment parameter, adjusting the
appearance of the Ul by differentiating display adjust-
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ments to the first set of pixels from the display adjust-
ments to the second set of pixels.

20. The system of claim 19, wherein the display adjust-
ments are specified for different lighting conditions.

21. The system of claim 19, wherein the set of instructions
for adjusting the appearance of the Ul comprises a set of
instructions for changing an appearance of the second set of
pixels more than an appearance of the first set of pixels.

22. The system of claim 19, wherein the program further
comprises a set of mstructions for displaying a user-modifi-
able control that when adjusted specifies the display adjust-
ment parameter, wherein the set of instructions for recerving,
the display adjustment parameter comprises a set of 1nstruc-
tions for receiving a user’s adjustment of the user-modifiable
control.

23. The system of claim 19, wherein the program further
comprises a set ol instructions for computing the display
adjustment parameter based on a measurement of ambient
light, wherein the set of instructions for adjusting comprises
a set of mstructions for automatically adjusting the appear-
ance ol the Ul 1n accordance with the computed display
adjustment parameter.

24. The system of claim 19, wherein the Ul comprises a
plurality of UI elements that are composited in order to render
the Ul for display.

25. The system of claim 24, wherein the set of instructions
for adjusting the appearance of the Ul comprises sets of
instructions for:

distinguishing the Ul elements from any non-UI element;

and

adjusting the appearance of at least one of the Ul elements

while not adjusting the appearance of any non-UI ele-
ment.

26. The system of claim 24, wherein the set of instructions
for adjusting the appearance of the Ul comprises sets of
instructions for:

identitying a first set of Ul elements 1n the plurality of Ul

clements for pixel value adjustment; and

adjusting pixel values of the first set of UI elements while

not adjusting pixel values of a second set of Ul elements.

277. The system of claim 24, wherein the program further
comprises sets of instructions for identiiying any Ul element
that 1s stored 1n cache memory, wherein the set of instructions
for adjusting the appearance comprises retrieving any 1denti-
fied Ul element from the cache memory and any other Ul
clement from a disk to render the UI for display.
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